The accumulation of oil in maturing safflower seeds was studied with an electron microscope. It wassuggested that net-like clusters of proteinaceous particles in the cytoplasm are the site of triacylglycerol synthesis. No evidence was obtained to support the hypothesis that oleosomes originate in the. endoplasmic reticulum. A hypothesis has been proposed that triacylglycerols are initially synthesized by the net-like clusters in the cytoplasm to form a protein-oil complex, and the triacylglycerols are concentrated in the center of the cluster as their formation proceeds.
In oil-rich seeds, triacylglycerols are accumulated in a subcellular organelle which is named an oleosome (oil body). The origin and structure of oleosomes have been investigated and discussed by many workers.1~U) There are several papers on subcellular organelles catalyzing triacylglycerol synthesis in plant seeds.10'12~15) Up to the present, it has been believed that triacylglycerol synthesis in maturing seeds occurs in oleosomes or on the surface of oleosomes.10'13 '14) The presence of other organelles catalyzing the reaction has been indicated by some workers.15~17) FreyWyssling et al.1] described that oleosomes are formed from spherosomes which themselves originate from the endoplasmic reticulum, and that oleosomes and spherosomes are surrounded by a unit membrane. Sorokin2) concluded that spherosomes and oleosomes represent separate entities, and that spherosomes are a commonfeature of most vegetative cells in higher plants, whereas oleosomes are restricted to cells producing oil. She reported that spherosomes have a limiting membrane, whereas oleosomes do not. It has previously been reported that a subcellular particulate fraction prepared from maturing safflower seeds catalyzes triacylglycerol synthesis from acyl-CoAs and l,2-diacylglycerols.17 '18) The present paper deals with the ultrastructural development of oleosomes of safflower seeds (Carthamus tinctorius L.) during maturation and the chemical composition of the subcellular particulate fraction catalyzing triacylglycerol synthesis.
MATERIALS AND METHODS
Safflower plants were grown in a University field, and the maturing seeds were harvested at desired stages of development.
Electron microscopy of cotyledons. Cotyledons of safflower seeds were cut into small pieces and fixed in an aq. solution containing 3% glutaraldehyde and 0.05m potassium-phosphate buffer (pH 6.8) for 2~3hr at 0°C. The tissues were then rinsed for 2hr in phosphate buffer and post-fixed in buffered 1.5% osmium tetroxide for 2hr at room temperature. After rinsing with water, the fixed tissues were dehydrated through an ethanolic or an acetone series, transferred to propylene oxide, and then embedded in Spurr's low-viscosity epoxy resin. 19 Lipid analysis. Lipids extracted from the subcellular fractions were analyzed by thin-layer chromatography. The lipids were separated into lipid classes on silica gel G with hexane-diethyl ether-acetic acid (70: 30: 1). A potassium bichromate-sulfuric acid reagent was sprayed on the thin-layer plates and the plates were heated at 180°C. Each lipid class was determined by densitometry with a Shimadzu TLC Scanner CS-900. RESULTS 
AND DISCUSSION
Formation of the seed coat started after flowering (pollination). At 6 days after flowering, the seed was filled with clear liquid. At 9 days after flowering, a small thin embryo was observed. Oleosomes were already present in the cells at this early stage of embryo development (Fig. 1 ). The observations in this work are related only to the cotyledon cells of safflower; the radicle cells were not used. The cytoplasm of the cells is granular. A large nucleus is present with a well-defined nucleolus. Some cells have one or a few large vacuoles, and other cells have numerous small vacuoles. The oil content of the seeds including seed coats was 6~7% of the dry weight at 9 days after flowering. At 15~18 days after flowering, the cytoplasm develops and vacuoles become small (Fig. 2) rectly from the cytoplasm with the participation of electron-dense particles ( Fig. 4a and   4b ).
Oleosomes further increased in number with seed maturation. At 28 days after flowering, oleosomes fill almost the entire remainder of the cell space not occupied by protein bodies, nucleus or residual cytoplasm (Fig. 3) . The oil content of the mature seeds was 32%. Protein bodies are the second major storage products found in the cells. Most oleosomes are 0.5~1.5 jiim in diameter. The electron density of oleosomes decreases with seed maturation.
This is in agreement with the observations of Frey-Wyssling et al.^and Rest and Vaughan.5) Oleosomes are compressed together, but they appear not to coalesce with adjacent oleosomes. No unit membrane structure can be seen on their surfaces, and there is no stainable contents within them.
It has previously been reported that a subcellular particulate fraction (1000 x g, precipitate) contains diacylglycerol acyltransferase, the last enzyme of the pathway of triacylglycerol synthesis, and that this fraction is able to catalyze triacylglycerol synthesis from 1,2- that the protein content of the fat fraction from mature safflower seeds was 10.9%, which was estimated from the nitrogen content. As shown in Table I , the protein content of the fat fraction was 2.3%, which was obtained with the fraction from maturing safflower seeds 18 days after flowering by the method ofLowry et al22)
It is noteworthy that diacylglycerols, the precursors of triacylglycerols, are contained in the particulate fraction in a relatively high proportion, while the diacylglycerol content of the fat fraction is low (Table II) . This may suggest that an organelle contained in the particulate fraction is the site of triacylglycerol synthesis. The triacylglycerol content of the fat The subcellular participate fraction was further investigated by electron microscopy. Considerably homogenous particles were observed in the fraction with a light microscope. However, each of these particles was found, by electron microscopy, to be an aggregate of various organelles and cell wall fragments. The main content of the aggregates in this fraction was cross-linked net-like structures. Some of the net-like structures were bound to materials that seemed to be oil (Fig. 5) . These binding substances maybe nascent oleosomes. Other net-like structures had a few or several hollows from which nascent oleosomes had probably fallen off (Fig. 6) . From the data in Table I There is, at least, one discrepancy between the data in Table I and the opinion of Smith as to the participation of ribosomes in the biosynthesis of triacylglycerols.
Rest and Vaughan5) reported that oleosomes appeared to arise directly from the cytoplasm. Some of the electron micrographs in this work are consistent with the observation of Rest and Vaughan. In such cases, the net-like structures will also participate in triacylglycerol formation. Harwood et al.13) suggested that vacuole-like inclusions within oleosomes are the site of lipid synthesis in the maturing castor bean endosperm. However, the present work has provided no evidence to support the theory of Harwoodet al. 13) On the basis of the present and previous datai7,i8) and the resujts of Smith6) and Rest and Vaughan,5) I propose a hypothesis for the development of oleosomes, which is illustrated in Fig. 7 . There is a reticular cluster of proteinaceous particles present in the cytoplasm (stage I). This net-like structure, which may be named "protein reticulum," has at least diacyl- Fragments of protein reticulum also mayhave diacylglycerol acyltransferase activity and they will precipitate on centrifugation at 104 x # or \05xg. Therefore diacylglycerol acyltransferase activity will mainly occur in the precipitate fractions, while the activity will be detectable in the fat fraction to some extent. From the data of McMahonand Stumpf,26 '27) it is strongly suggested that this proteinaceous organelle contains the enzymesystem for fatty acid synthesis and oleate desaturase. This organelle precipitates at 1000 x g as an aggregate with other cell fragments as described above. If the mass of the organelles and other cell fragments is disaggregated, these organelles may be obtained from the 105 xg precipitate fraction on centrifugation.
Methods for disaggregation are nowunder investigation.
